THE EXISTENCE of anastomoses between coronary arteries or between their branches in normal hearts has been a controversial subject for many years.' Fulton2 summarized this controversy in a recent review. As long ago as 1881, Cohnheim and his co-worker3 took the position that coronary arteries are true end arteries without intercommunication. The work of Zoll and his collaborators4 has been widely interpreted as supporting this view. According to these investigators only 9W of hearts free of occlusive coronary artery disease contain anastomoses demonstrable with their technique. In contrast, Gross, 5 Laurie and Woods,6 and Bellman and Frank7 have reported that with more suitable techniques bridging channels can be shown to be present in the majority of normal hearts. All are in agreement that in the presence of obstructive arterial disease, anastomoses are readily demonstrable in the great majority of hearts.
These anastomoses have been divided by Baroldi and associates8 into two types: (1) intercoronary anastomoses that form bridging channels between different arteries or their branches and (2) Much of this apparent controversy is due to the variable techniques that have been used for the demonstration of anastomoses. Schlesinger9 10 generally used a fairly viscous barium sulfate gelatin perfusion mass. He had also employed a lead phosphate agar mass that was slightly less viscous and was, therefore, better suited for the demonstration of anastomoses. He perfused both coronary arteries simultaneously at the same pressure, although on occasion he "unbalanced" the injection temporarily by alternately reducing the pressure in one of the coronaries and then in the other. Nonetheless, the more or less simultaneous filling of both major coronary trunks did not effectively produce a pressure gradient between the coronary arteries. Laurie and Woods and others filled only one of the major arterial trunks thus enhancing the likelihood of injection mass flowing from the high pressure perfused side into the low pressure unperfused side. In effect, this technique of filling only a single coronary artery reproduces the same conditions as obstructive arterial disease. Moreover, the filling of one coronary artery enhances the likelihood of fulfilling Schlesinger's criteria for the existence of anastomoses.4 These comprise: (1) macroscopic demonstration of a vessel bridging between two or more coronary arteries or (2) the finding of mass introduced into one coronary artery in the territory of another or (3) the appearance of mass distal to a coronary obstruction.
Previous work performed in this laboratory demonstrated that when hearts free of occlusive disease were injected according to Schlesinger' One hundred and seven of the 120 patients were white. The nonwhites included nine Negroes and four Chinese.
After the hearts were removed, glass cannulas of the proper diameter were introduced into both major coronary arteries or trunks and secured in place with tight ligatures. Although only one vessel or trunk was perfused in the individual heart, the other cannulas served to catch any return filling. The warm injection medium was introduced under a constant pressure of 150 mm Hg while the heart remained immersed in a water bath at 45 C. The temperature of the medium rapidly dropped as it passed through the injection system and entered the heart at about 50 C. The perfusion and pressure were maintained for 15 minutes, although most of the actual filling occurred within 30 seconds to several minutes. Retum flow was often demonstrable after this short interval of time. In a few instances, the injected mass was still flowing as long as 5 to 8 minutes after the beginning of the procedure. At the completion of the perfusion, the hearts were put into the refrigerator for an hour to permit the injected mass to set. The hearts were then "unrolled" according to the technique of Rodriquez and Reiner12 and stereoangiograms were taken on fine-grain film at a tube-to-target distance of 40 inches. The values used were 14 ma, 48 kw, 5-degree stereoangle, and 10-second exposure. The filns were then examined stereoscopically. All hearts were also examined morphologically, and all pathological findings in the hearts and coronary arteries were recorded. Careful dissections of the coronary arteries were performed on all hearts to verify all arterial narrowings and obstructions. Appropriate blocks were removed for histological examination to verify the nature of coronary or myocardial lesions.
The presence of anastomoses was determined Figure 1 Right coronary artery injection with good filling of both left trunks despite almost total occlusion of right main coronary trunk just beyond the second major descending branch. 1iwere the anastomoses numerous; the others had remarkably few. In only one of the hearts were the anastomoses particularly rich about the arterial occlusion. Table 4 correlates the presence of anastomoses with elevated blood pressure. For our purposes, hypertension was considered to be present when there was either or both a bona fide history of hypertension or at least one recording while the patient was in the hospital of a diastolic pressure of more than 100mm Hg.
Anastomoses were present in 24 of the 30 hearts derived from hypertensive patients, a frequency identical with that of the entire group. Several of the six patients with no coronary anastomoses are of interest. Five had both cardiomegaly and hypertension, and one had in addition an obstruction to the LAD and 49% narrowing of the RC. ,,, The Seven Cases of Coronary Obstruction The present study confirms the findings of Fulton,2 Bellman and Frank7 and Laurie and Woods6' 13 who reported the finding of coronary anastomoses in most or all of their diseased or normal hearts or both. These patients ranged in age from 19 to 90 years. In the present series of hearts, anastomoses were found in 84% of hearts virtually devoid of arterial disease, in 8,6% of hearts with moderate degrees of coronary arterial stenosis and in 92% of hearts having at least one area of stenosis of more than half the cross-sectional area of the arterial lumen. The presence of stenosis made no significant difference in the frequency of the identification of anastomoses. It must be assumed, therefore, that these anastomoses were present as normal features of the coronary arterial system, a finding that is quite consistent with the demonstration of such anastomoses in neonates by Reiner and associates. 14 The demonstration of these anastomoses by the use of a low viscosity injection medium and the perfusion of only one artery in each heart underscores the importance of variations in technique as the probable explanation of the wide differences of opinion expressed in the literature. When the classic Schlesinger mass was used in our laboratory and both coronary trunks were perfused simultaneously, we corroborated the findings of Zoll and associates4 of the demonstration of coronary anastomoses in only 9% of hearts free of occlusive disease. The belief that anastomoses develop in hearts in response to occlusive arterial disease may merely reflect the greater ease in demonstration of anastomoses when only one artery is perfused due to occlusion of the other.
It is of considerable interest that hypertension and cardiomegaly did not affect the frequency of the disclosure of anastomoses. Only the arterial trunk that was perfused seemed to significantly affect the frequency rate. When the injection was made through the cannulated circumflex trunk of the left coronary artery, it was possible to visualize anastomoses in only 60% of the hearts as compared with approximately 90% when the RC, LC, or LAD was used. This is a curious and unexplained finding. The perfusion of the RC, almost always produced cross-filling of the CC, but perfusion of the CC rarely . C-1 3 Summary The coronary arteries of 120 nonselected human hearts were perfused with a low viscosity radiopaque medium comprising essentially a suspension of barium sulfate in agar. In each of four groups of 30 hearts, one major artery was perfused, that is, right coronary, left main coronary, left anterior descending trunk, or left circumflex trunk. Anastomoses were detected either by cross-filling of unperfused vessels or by direct stereoscopic visualization. Anastomoses were demonstrable in 84% of the entire series, but the frequency varied between the four groups (right coronary 93%, left main coronary 90%, left anterior descending 90% and left circumflex 60%). The presence of stenotic disease did not seem to affect the frequency of demonstrable stenosis since 84% of the hearts virtually free of arterial disease contained recognizable stenoses as compared with 92% of hearts with a stenosis of more than 50% of the arterial lumen. Neither did age, hypertension or left ventricular hypertrophy produce any alteration in the frequency rates. There were seven hearts with occlusive disease; only five contained demonstrable anastomoses. The 19 hearts in the total series in which anastomoses could not be found were derived from patients, some of advanced age, some young, some having occlusive arterial disease and some hypertension.
The results of the study suggest that anastomoses are present in most hearts unrelated to clinical disease. They may be increased in size or number by factors that affect coronary hemodynamics, but the present study does not investigate this possibility.
Graves on the Responsibility of Teachers (1848) I have seen students led astray by false notions, wasting half of the time which should be spent in hospital and by the sick bed, in wandering through the fields on botanical excursions, or working in the laboratory, engaged in the solution of some unimportant problem. Now this is not what will teach them to relieve suffering, and cure disease. When I look round me, and behold so many young gentlemen entering upon an honourable and important profession, I feel that my responsibility is great. I consider you all as instruments of good or evil, and cannot help being conscious that I should be guilty of a great crime, did I not use every means in my power to render you able and efficient practitioners. 
